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The application of nanomaterials in drug delivery and disease diagnosis is widely 
expected to change the landscape of modern medical and pharmaceutical industries for 
the foreseeable future. Mesoporous silica nanoparticles (MSNs) have gained much 
recent attention for biomedical application. Three characteristics of MSNs make them 
particularly suitable for the construction of controlled drug delivery system (CDDS) 
and theranostic multifunctional nanoparticle: significant biocompatibility, unique 
mesopores, and easy functionalization. In this thesis, we have designed and prepared 
several types of fluorescent nanoprobes, CDDSs and multifunctional nanoparticles with 
MSNs as primary nanoplatform, in combination with various other building blocks 
including gold nanoparticles, cleavable linkages, fluorescent dyes and drug molecules.  
The dissertation consists of four chapters summarized as the following. 
Chapter 1: We first introduced in general the nanoparticle types used in drug 
delivery and the targeting strategies of CDDS. Then, the design and preparation of 
stimuli-responsive CDDSs and multifunctional nanoparticles were reviewed in brief. 
The research objectives, contents and significance of this dissertation were proposed at 
the end of this chapter. 
Chapter 2: Several thiol-responsive nanoprobes were designed and prepared by 
coupling fluorescent dyes (rhodamine-B or fluorescein) on silica nanoparticles (NPs) 
or silica-coated gold NPs through a disulfide linkage. The release of fluorescent dyes 
from these nanoprobes in the present of thiol reagents (DTT or GSH) was investigated 
by using the fluorescence measurement or the fluorescence correlation spectroscopy 
analysis. These studies preliminary proved the feasibility of the utilization of such 
disulfide-based inorganic nanoprobes for intracellular thiol detection or imaging. 
Chapter 3: We designed and prepared a theranostic multifunctional nanoparticle 
based on mesoporous silica coated gold nanorods. The mesoporous silica shell was 
covalently loaded with DOX through disulfide linkages, while the gold nanorod core 
could strongly quenched the fluorescent emission of DOX molecules and also used as 
contrast agent of dark-field scattering imaging. The property of redox-triggered DOX 
release along with vigorous fluorescence activation of the Au@SiO2-SS-DOX-PEG 















the cleavage of disulfide linker through the thiol-disulfide exchange reaction. MTT 
assays and fluorescence/dark-field scattering imaging with Hela cells further proved the 
multifunctionality of the Au@SiO2-SS-DOX-PEG system for synchronous drug 
delivery and dual-model cell imaging. 
Chapter 4: We designed and prepared a type of intracellular stimuli (reduced or 
acidic condition) responsive CDDSs by covalently loading drug molecules into the 
mesoporous silica shell of the Au@SiO2 nanocarrier through disulfide or hydrazone 
linkages. The release kinetics of drug molecules from each delivery system were 
studied by fluorescence measurement. It was found that the nature of the reducing 
reagents played a critical role in the DOX release rate; and the molecular size of the 
drugs also affect their loading and release behavior from the same nanocarrier. By 
contrast, the acid-promoted release of DOX from the hydrazone system was found to 
be more efficient than that from the disulfide system. In addition, neither the shell 
thickness nor the thiol density of the nanocarrier showed significant effect on the drug 
release kinetics. 
Finally, the main research contents of this dissertation were summarized, and the 
prospection of the future work was discussed. 
 



























19 世纪 60 年代由英国血液学科学家 Babraham 提出，后来被命名为脂质体
（Liposome）而广为人知[3]。随后，各种各样的有机和无机纳米材料涌现出来，





疫清除作用，Allen 等人用特殊的磷脂分子对脂质体进行修饰改良，在 1987 年首
次报道了长循环-脂质体载药系统，并被形象地命名为“隐形脂质体”（Stealth 
liposome）[8]。紧随其后，聚乙二醇（PEG）在 1990 和 1994 年被分别用于脂质
体[9]和聚合物[10]的改性修饰，有效延长了这些纳米载药系统的血液循环周期。
聚乙二醇修饰（PEGylation）技术的发展也为 Doxil（都可喜，阿霉素长循环脂质
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